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The  rates  and  mechanisms  through  which  the  electronically 
excited  states  of  oxygen  are  formed  and  destroyed  In  the  upper 
atmosphere  have  been  studied  In  a  discharge  flow  system.  Using 
a  technique  In  which  excited  states  are  formed  by  surface 
catalyzed  recombination,  rate  constants  have  been  obtained  for 
the  quenching  of  the  02(A),  02(c)  and  0(s1nglet  S)  states  by 
atmospheric  species.  The  yields  of  the  electronically  excited 
states  02(stng1et  delta),  02(s1nglet  sigma)  and  0(s1nglet  S)  In 
atom  recombination  have  been  determined  directly.  Evidence  has 
been  found  for  the  existence  of  a  precursor  In  each  of  these 
systems.  The  rate  laws  for  the  formation  of  02(A),  02(c)  and 
0(s1ng1et  S)  have  been  established  and  rate  constants  for  some 
of  the  elementary  steps  have  been  determined  by  combining  these 
rate  laws  with  the  results  of  quenching  experiments.  Final 
report,  AF0SR-79-0088,  Electronically  Excited  0xyifeit> 
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Final  Report 

Research  Project  79-0088 

Electronically  Excited  Atonic  and  Molecular  Oxygen 

Objectives: 

The  natural  phenoaenon  whose  understanding  aotlvated  this  study  is  the 
night  airglow  .  The  objective  of  our  study  was  the  Identification  of  the 
mechanism  by  which  the  observed  ealsaion  froa  0^  and  0  are  excited  at  an 
altitude  of  about  100  ka  In  the  ataosphere  of  Earth  and  Venus. 

On  a  aore  fundamental  level  our  objective  was  to  deteraine  the  rate  and 
aechanisa  by  which  the  recombination  of  oxygen  atoms  produces  the 
electronically  excited  states  of  oxygen  aolecules  and  atoaa. 

Status  of  Research  Effort: 

The  experiments  undertaken  In  this  project  can  be  divided  Into  two 
series.  The  first  series  of  experiments  attempted  to  produce  a  sudden  high 
concentration  of  electronically  excited  oxygen  by  the  surface  catalysed 
recombination  of  oxygen  atoms  on  a  nickel  surface.  These  experiments  were  an 
attempt  to  determine  the  quenching  and  other  relaxation  processes  of 
Og(A  Zu  ),  OgCA'  Au),lG^(c  Zu  )  which  have  not  previously  been  determined. 

The  second  series  attempted  to  deteraine  the  rate  laws  governing  the 
foraatlon  of  electronically  excited  states  of  0^  In  the  recombination  of 
oxygen  atoms.  The  results  of  these  experiments  could  then  be  coabined  with 
those  froa  series  1  to  calculate  the  absolute  yield  of  each  excited  state  In 

the  recombination  process.  AIR  FORCE  07Tr^  OF  SCTEETI7TC  RESK.W1?  ( AFSfr) 
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Surface  Catalyzed  Recombination  Studies 


Attempts  to  produce  an  Instantaneous  concentrate  of  02(A),  02^'), 

02(c),  and  0(IS)  met  with  success  and  rate  constants  for  the  quenching  of 

these  species  by  a  number  of  gases  mere  determined.  These  were  reported  In  a 

series  of  papers  (1,2, 3, 4,5)  and  are  summarized  In  Table  1.  Attempts  to 

+  3 

TABLE  1:  Rate  constants  for  quenching  of  (^(A^E^) ,  (^(A'  Ai) 

and  ©2(0' £u)  by  various  gases 

Quenching  09(A3E+)  and  0,(A,3A  )  O^c1!:”)  0(1S) 

A  U  fc  U  mm  U 

series 


orp) 

02(a1Ag) 

0, 


(1.2910.  DxiO 
(8.111. 6)xl0”n 


(5.910. 6)xl0 

(6.012. 4)xl0 
„  ,.-14 


1.3xl0-13 

3x10 

7xl0’13 

<6x19' 

6xl0"13 

2x10 

1.8xl0-12 

4x1  O' 

6x10' 

7.2xl0"16 

6x10 

c  3-1-1 

All  units  are  cm  molecule  a 


Indicated  error  limits  are  the  lo  statistical  uncertainties 


determine  the  temperature  dependencies  of  these  quenching  processes  were  less 
successful.  The  only  process  for  which  we  obtained  data  is  the  reaction: 

0^(A)  +  0  — — >  quenched  products 

Assuming  that  the  temperature  dependence  can  be  represented  by  the  Arrhenius 
equation  we  have  plotted  In  k.  versus  1/T  In  Figure  1. 
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The  line  drawn  through  these  points  yields: 

,  ,  n  ..-8  -  (1965/T)  3  ,  -1-1 

kj  ■  2.9  x  10  e  cm  molec  s  (2) 

Although  k^was  determined  specifically  for  only  the  second  vibrational  level 
of  the  (^(A)  state  we  have  reason  to  believe  that  it  is  not  significantly 
different  for  any  level  which  Is  formed  on  the  nickel  surface  (v'  ■  0  to  5). 
Not  only  are  the  quenching  rate  constants  for  other  levels  Insignificantly 
different  but  the  distribution  in  these  vibrational  levels  does  not  appear  to 
change  significantly  with  changing  temperature. 

The  primary  purpose  of  these  experiments  was  to  determine  Whether  In  the 
Earth's  night  alrglow  the  quenching  of  the  O^CA)  state  by  oxygen  atoms  Is 
significant.  Unfortunatley  the  lowest  temperature  at  which  we  could  conduct 
our  experiments  was  232K.  However,  if  we  assume  that  the  temperature 
dependence  represented  by  equation  2  can  be  extended  another  32°,  then 
k^(200K)  -  1.5  x  10  l2cm3molec  *s  *.  This  is  a  factor  of  20  smaller  than  the 
room  temperature  value.  In  the  upper  atmosphere  where  the  peak  oxygen  atom 
concentration  Is  6.5  x  10  atoms  cm  ,  the  rate  at  which  02(A)  is  quenched 
by  0  Is  about  an  order  of  magnitude  smaller  than  the  radiative  decay  rate 
(0.2s  1).  We  conclude,  therefore,  that  oxygen  atoms  are  not  very  important 
quenchers  of  the  02(A)  state  in  the  upper  atmosphere. 

The  magnitude  of  the  preexponential  in  equation  2  calls  for  some 
comment.  It  is  about  two  orders  of  magnitude  greater  than  normal  (i.e.  that 
associated  with  gas  kinetic  collision  frequency).  Therefore  it  may  not  be 


wise  to  assuae  that  the  teaperature  dependence  of  this  rate  constant  is  well 
represented  by  equation  2  auch  beyond  the  teaperature  range  of  these 
aeasureaents,  especially  at  high  teaperatures*  This  reservation  does  not 
affect  our  qualitative  conclusion  that  oxygen  atoas  do  not  doainate  the  02<A) 
removal  rate  In  the  upper  ataosphere,  since  this  would  hold  true  even  if  the 
rate  constant  at  200K  is  no  saaller  than  the  value  which  we  aeasured  at  232K. 

The  aeasureaent  of  rate  constants  for  a  series  of  vibrational  levels  of 
these  excited  states  has  not  been  possible  except  for  the  quenching  of  (^(A) 
by  oxygen  atoas  where  values  were  deteralned  for  the  5  lowest  vibrational 
levels.  These  are  suaaarised  in  Figure  2. 
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Aton  Recombination  Studly 

In  these  experiments  the  kinetic  dependence  of  the  eni salons  from  the  verious 
excited  etetes  of  oxygen  that  result  f roe  etoa  recoabinatlon  were  deternined 


1.  Eaission  for  0(  S)  was  found  to  obey  the  following  rate  law  (6) 


I  -  k[0]2[M]/[02(a1dg)l 
-27  3  -1  -1 

where  k  •  2.7  x  10  cm  aolec  s  .  This  rate  law  is  consistent  only  with 

a  "Barth  Type"  mechanism  given  by  equations  ^1-5^  where  reaction  [4]  occurs  at 

collision  frequency  5  x  10  ^  cm^molec  *  s  *  and  k^  is  at  least  25Z  of  the 

—31  6  “2  “1 

total  recombination  rate  constant  (4.75  x  10  cm  aolec  s  ). 


0  +  0  +  M  -*•  02*+  M  [1] 
02*  +  0  ♦  02  +  O^a)  (21 
0*  +  0  ♦  all  products  [3] 
0(  3)  ♦  02(ldg)  ♦  quenched  products  (4] 
0(lS)  ♦  0(lD)  +  hv( 557.7  na)  [51 


34.  3 

2.  Emissions  froa  02(A  Su  )  and  02(A'  ba)  were  found  to  obey  the  rate  law 
(7) 

I  -  k(0l2(Ml/[02l 

which  la  consistent  with  the  simple  mechanism  given  by  reactions  [6-8]. 

0  +  0  +  M  ♦  09(A)  +  M  [61 


Oj(A)  +  0^  *  quenched  products  17) 

02(A)  ♦  02(X)  -  hv(Herzberg  I  bends)  [8] 

Combining  these  measurements  with  the  quenching  date  provided  by  the  surface 
catalyzed  experiments  yields  a  value  for  kg  which  Is  still  almost  an  order  of 
Magnitude  too  small  to  explain  the  night  airglow  emission  intensity  from 

o2(a). 

Emission  form  02(c*Su  )  was  found  to  obey  the  rate  law  (7) 

I  -  lol IM1 2/lo2l 

Such  a  kinetic  dependence  suggests  the  presence  of  a  precursor  (02*)  Involved 
In  the  process  aa  described  by  reactions  [9-13]. 


0  +  0  +  M  -*•  0*  +  M  19) 

*  . 

°2  +  °2  *  9uenched  products  [10] 

02*  +  M  ♦  02(c)  +  M  Ill) 

02<c)  +  0  *  quenched  products  [12) 


02(c)  ♦  02(X)  +  hv(Herzberg  II  bands)  [13) 

Quantum  yields  in  chase  reactions  have  yet  to  he  measured  la  the  laboratory. 
3.  Emission  from  02<b  urns  found  to  have  a  campion  kinetic  dependence 
because  of  the  unique  Involvement  of  greaad  Mata  fllj  (•).  toady  state  and 
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tine  dependent  measurements  required  the  presence  of  a  precursor  (0^  )  as 
indicated  in  the  mechanism  described  by  reactions  [14-18]: 


0  +  0+  H+02*+M 

[14] 

* 

02  +  0  quenched  products 

[15] 

°2*  +  °2  °2(b)  +  °2 

[16] 

* 

02  +  02  all  products 

[17] 

02(b)  -*•  02(X)  +  hv(762  nm) 

[18] 

ft  34 

where  0^  remains  unidentified  but  ^15/^7  “2.6  and  >  1.6  x  10 

6  -2-1 
cm  molec  s  . 

4.  Emission  from  02(a  *Ag)  was  found  to  have  a  complex  kinetic  dependence 
on  molecular  oxygen  very  similar  to  that  observed  for  O^Cb).  The  effect  of 
adding  molecular  oxygen  to  a  stream  of  oxygen  atoms  is  shown  in  Figure  3. 
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